Background-Tajikistan, considered highly endemic area for hepatitis B virus (HBV) in a prevaccine era, introduced hepatitis B vaccine in 2002 and reported ≥80% coverage with three doses of hepatitis B vaccine (HepB3) since 2004. However, the impact of vaccine introduction has not been assessed.
Background
Hepatitis B virus (HBV) is a major cause of acute hepatitis and chronic liver disease globally. In the pre-vaccine era, approximately 2 billion persons were infected with HBV, including 350 million with chronic infection, and approximately 620,000 died each year from chronic liver disease [1] [2] [3] . Increasing availability of affordable hepatitis B vaccine and implementation of effective prevention and control strategies since the 1990s have made it possible to substantially reduce HBV-associated disease [1, 4, 5] .
The WHO position paper on hepatitis vaccines strongly recommends that all regions develop hepatitis B control goals [6] . In 2005, the World Health Organization (WHO) Western Pacific Region, which has the world's highest HBV burden [3, 7] , set the goal to achieve <2% prevalence of chronic HBV infection among children aged <5 years by 2012, as an interim milestone toward a regional goal of <1% prevalence [3, 7, 8] . The 2012 goal has been met by the region as a whole and by at least 30 of 37 countries [9] . In 2009, the WHO Eastern Mediterranean Region endorsed a regional target of achieving <1% prevalence of chronic hepatitis B virus infection among children aged <5 years by 2015 [10] .
In the European Region, the WHO European Health 21-Health for All Policy Framework of 1999 stated that "by 2010 or earlier all countries should have … new hepatitis B virus carrier incidence reduced by at least 80% through integration of hepatitis B vaccine in the child immunization programme" [11] although the progress toward achieving this target has not been systematically monitored or assessed. However, the recently developed European Vaccine Action Plan for 2015-2020 [12] adopted in endemicity for September 2014 states that the WHO Regional Office for Europe commits itself to prepare a program and action plan for the control of HBV infection and identify targets for 2020.
In the WHO European Region, the impact of vaccination on HBV infection prevalence in the member states with high HBV endemicity, such as Tajikistan, has not been systematically assessed. Tajikistan, a low-income former USSR country in Central Asia (population, 7.6 million, 2010) [13] , is considered a high endemicity area for HBV endemicity area with an estimated 8% overall pre-vaccine prevalence of HBV surface antigen (HBsAg) [1, 3] . This estimate is based on the extrapolation of the data from neighboring countries with comparable epidemiologic conditions [3, 14, 15] as data to directly assess pre-vaccine population prevalence of HBsAg in Tajikistan were unavailable.
In the 1980s, a study using less sensitive laboratory methods available at the time reported 7.2% overall HBsAg prevalence with the highest prevalence (13.9%) among children aged 1-4 years in Tajikistan [16] . In the mid-1990s, a high prevalence of HBsAg (15.7%) was found among adults who immigrated to Israel from Tajikistan and Uzbekistan [17] . During the Soviet period, Tajikistan, along with other Central Asian republics, had the highest incidence of acute hepatitis B in the USSR [18] . Numbers of acute hepatitis B cases reported during 1980-1989 (1983-4859 cases annually) were much higher than those since 1996 2 (217-962 cases annually during 1996-2012) [14] (Ministry of Health of Tajikistan, unpublished data). However, the quality of surveillance and availability of laboratory confirmation have been inconsistent over time and interpreting temporal trends in hepatitis B incidence in Tajikistan is difficult. A recent study found HBsAg in 40.4% of patients with chronic hepatitis and in 42.5% of patients with cirrhosis and/or hepatocellular carcinoma, confirming that HBV remains a major cause of chronic liver disease in Tajikistan [19] .
Hepatitis B vaccine was introduced into the routine infant immunization program of Tajikistan in 2002 with the support from Gavi, the Vaccine Alliance. Initially, the immunization schedule consisted of vaccine doses given at birth, 2 and 4 months of age. Since 2008, with the introduction of the pentavalent combination vaccine, 3 standalone hepatitis B vaccine is given at birth, and the pentavalent vaccine is administered at age 2, 3, and 4 months. Various sources of coverage data for three doses of hepatitis B vaccine (HepB3) indicate levels ≥80% since 2004, as well as generally high coverage with the birth dose ( Table 1) .
A nationwide serosurvey for vaccine-preventable diseases implemented in Tajikistan in response to the major poliomyelitis outbreak in 2010 [23, 24] provided a unique opportunity to conduct an assessment of the impact of hepatitis B vaccine introduction. We analyzed specimens remaining after the initial testing was completed, for markers of HBV infection, and compared prevalence across groups defined by the vaccination history of birth cohorts.
Methods

Serosurvey design
The detailed description of the serosurvey design and sampling procedures has been published previously [23, 24] . In brief, the sampling frame for the serosurvey included residents of all regions of Tajikistan aged 1-24 years (age groups sampled: 1-4, 5-9, 10-14, 15-19, 20-24 years). The age groups and sample sizes were determined by the primary objective of the serosurvey assessment of population immunity against polioviruses by the age group [23] . Participants were selected through stratified multi-stage cluster sampling and were identified from registries maintained at government health care facilities which serve practically entire population of Tajikistan. The basic demographic information and blood sample (3-5 ml, in serum separation tubes) were obtained following verbal informed consent by participants or their guardians. The information on participants' vaccination history was unavailable. Overall, 2459 specimens were collected for the original serosurvey and all available residual specimens were included in the present assessment.
Laboratory testing
Serum was split into three aliquots and stored at −20 °C until testing. Residual aliquots retained at the Virology Laboratory of the Institute of Prophylactic Medicine, Tajikistan Ministry of Health, Dushanbe, which performed measles and rubella antibody testing, and at the Centers for Disease Control and Prevention (CDC), Atlanta, which performed polio antibody testing, were tested for markers of HBV infection.
In accordance with WHO guidance [25] , all specimens were tested for total antibodies against HBV core antigen (anti-HBc), a marker of HBV infection (current or resolved), and positive specimens were tested for HBsAg, a marker of active (including chronic) HBV infection. In addition, HBsAg-positive specimens were tested for HBV e-antigen (HBeAg), a marker of high replication associated with a high likelihood of transmitting HBV, and for antibodies against hepatitis delta virus (anti-HDV), a marker of co-or super-infection with HDV, associated with severe outcomes of HBV infection [1, 25] .
Testing for anti-HBc and HBsAg was conducted at the laboratory in Dushanbe. Prior to testing the survey specimens, the laboratory successfully passed proficiency testing conducted for quality assurance purposes by the Assay Development and Diagnostic Reference Laboratory (ADDRL), Division of Viral Hepatitis, CDC. All specimens from participants with positive anti-HBc results as well as 12.5% of specimens with negative results of in-country testing underwent subsequent testing for anti-HBc and HBsAg at the ADDRL using aliquots stored at CDC. Testing for HBeAg and anti-HDV was performed at CDC on HBsAg-positive specimens.
Laboratory testing methods included enzyme-linked immunosorbent assays and chemiluminescence assays for anti-HBc, HBsAg (with confirmatory testing), HBeAg, and anti-HDV performed in accordance with the manufacturer's instructions using the test kits listed in Table 2 . In cases of discordant results between in-country and CDC test results for a given specimen, an additional round of testing was performed at CDC and the final determination was made based on its outcome. For specimens not tested at CDC, the results of in-country testing were accepted. Participants, for whom the testing could not be completed due to insufficient volume or poor quality of specimens, were excluded from analysis.
Data analysis
The laboratory testing results were merged with the data set containing participants' demographic and geographic information. In the analysis, the birth cohorts were grouped according to the status of implementation of hepatitis B vaccination and national HepB3 coverage. The following subgroups were defined: Standard WHO guidance for assessing hepatitis B vaccine impact [25] is based on comparison of HBsAg prevalence between the vaccinated cohorts with ≥80% coverage and aged ≥5 years at the time of the serosurvey, and the cohorts not targeted for vaccination which have not yet reached 15 years of age. 4 For the purpose of this comparison, we defined an additional subgroup of 5-6 year olds (birth years, 2004-2005)-the only cohorts in our survey which met the required coverage and age criteria. The HBV infection status of participants was classified as shown in Table 3 .
In the analysis, we calculated the seroprevalence and 95% confidence intervals (CI) for markers of HBV infection overall and within sub-populations. Satterthwaite-adjusted Chisquare tests were used to compare seroprevalence among various sub-populations. These sub-populations included categorizations of age (by cohorts vaccination history and by age group as sampled), sex, birth setting (home versus health-care facility), ethnicity (Tajik versus other), and parental education level (high school or less versus more than high school). All analyses accounted for the survey design and sampling weights, including nonresponse due to inadequate sample volume to test, using SAS-callable SUDAAN v10.01.
Human subject issues
The serosurvey protocol was reviewed by CDC and determined to be a program evaluation and therefore exempt from institutional review board approval. The protocol was approved by the Tajikistan Ministry of Health.
Results
Of the 2459 participants enrolled in the initial serosurvey, samples from 2206 were available for HBV-related testing. However, for 18 samples, testing could not be completed due to their poor quality or insufficient volume, resulting in 2188 specimens included in the analysis.
The distribution of participants tested for HBV markers by age group is given in (Table 4 ). In the analysis of the association of potential risk factors with HBV infection (as determined by the presence of anti-HBc), no significant associations were revealed for birth setting, ethnicity, or parental education level (data not shown).
The prevalence of HBsAg followed the same trends as anti-HBc. Overall, 79 (3.9%; 95% CI, 2.9-5.3%) specimens tested positive for HBsAg. The prevalence of HBsAg differed significantly (p < 0.001) across study groups defined by their hepatitis B vaccine program history and was lowest (0.4%; 95% CI, 0.1-1.3%) among cohorts with ≥80% HepB3 coverage, increasing to 6.8% (95% CI, 4.5-10.1%) among adults not targeted for vaccination (Table 4 ). In the latter group, the prevalence of HBsAg increased from 4.7% (95% CI, 2.8-7.9%) among 15-19-year-olds to 9.2% (95% CI, 5.9-13.9%) among 20-24-year-olds. The standard WHO assessment subgroup, children aged 5-6 years (n = 197), had significantly lower prevalence of HBsAg (0.5%; 95% CI, 0.1-2.4%) compared to 9-14-year-olds (3.5%; 95% CI, 2.2-5.6%; p = 0.002). The overall prevalence of HBsAg did not differ significantly by sex (Table 4) .
Sufficient volumes of specimens from 73 of 79 HBsAg-positive participants were available for testing for HBeAg and anti-HDV. HBeAg was detected in 17 (23.3%, unweighted percent) specimens and all 73 specimens tested negative for anti-HDV.
Discussion
Throughout the world, hepatitis B vaccination has been shown to greatly reduce the prevalence of chronic HBV infection and the associated disease burden, including deaths from cirrhosis and liver cancer [1, 6, 26] . Although comprehensive strategies for HBV infection control include several other aspects as well (e.g., blood safety, injection safety, prevention of health care-and drug-associated infections or sexually transmitted infections), immunization remains the most effective means of preventing HBV infections during early childhood, the period when the virus is commonly acquired and the risk of developing chronic infection is highest [1, 4] . led to relatively wide confidence intervals in some subgroups. The standard WHOrecommended comparison [25] demonstrated a 7-fold lower prevalence of HBsAg in the birth cohorts aged ≥5 years with ≥80% HepB3 coverage (0.5%) compared with the baseline among unvaccinated cohorts aged 9-14 years (3.5%) despite the small sample size in the cohorts aged ≥5 years.
Prior to vaccine introduction, Tajikistan, similar to its neighboring countries, was a high prevalence area with most chronic HBV infections likely acquired before 5 years of age [1, 15, 16] . Therefore, the dramatic reduction in the prevalence of chronic HBV infection in vaccinated cohorts of children demonstrated by this study suggests that a large proportion of a future burden of chronic HBV-associated severe disease and deaths in Tajikistan has been averted.
Anti-HBc prevalence in this study increased in unvaccinated cohorts from 12.3% among persons aged 10-14 years to 38.7% among persons aged 20-24 years, suggesting a high burden of HBV infection among older children and young adults. Similar to other countries of Central Asia, in addition to early childhood transmission, cumulative exposure over time to risk factors such as medical or non-medical unsafe injections (e.g., injection drug use) as well as sexual transmission likely contributed to high HBV infection prevalence among young adults in Tajikistan [27] [28] [29] [30] [31] [32] [33] [34] . Existing surveillance for acute hepatitis B in Tajikistan reports only aggregate case numbers among children aged <15 years and adults without further demographic, geographic or risk factor breakdown. Therefore, it does not provide sufficient data to determine the relative contribution of currently present risk factors versus prior unsafe practices to the age-related increase in HBV infection prevalence among adults. Almost one-fourth of the chronically infected persons were positive for HBeAg, the marker of high risk of HBV transmission. Together with high HBsAg prevalence among young adults in Tajikistan, this creates a substantial risk of mother-to-child transmission, emphasizing the importance of maintaining high vaccination coverage with the birth dose of hepatitis B vaccine. In addition, a time-limited catch-up hepatitis B immunization campaign among remaining unvaccinated cohorts of children could help prevent further HBV infections among them and accelerate overall reduction of HBV prevalence in Tajikistan [5] .
To help monitor the remaining burden of acute hepatitis B and to better characterize risk groups, surveillance for acute hepatitis in Tajikistan should be improved by reporting detailed demographic, immunization, and risk factor data and strengthening laboratory capacity.
The present study provides evidence of the success in reducing HBV infections following introduction of routine hepatitis B immunization in the challenging setting of a highendemicity subregion of Central Asia. These results are particularly encouraging, taking into account that Tajikistan is the poorest country of the WHO European Region with a recent history of civil war and continued economic problems. These factors have led to disruptions of the health-care system, including serious challenges with implementation of the immunization program that contributed to the spread of imported wild poliovirus in 2010 [23] . To sustain this accomplishment and achieve further progress in controlling HBV, Tajikistan will need to increase further and maintain high routine coverage of infants with hepatitis B vaccine, including the birth dose. [38, 39] .
In light of the positive experience of the Western Pacific Region toward achieving its hepatitis B control goals, and availability of standardized protocols for measuring progress and documenting vaccination impact [4, 6, 8, 21, 40] , WHO Regional Office for Europe should pursue setting a new regional goal for hepatitis B control and developing the requirements for verifying that the goal has been met. The results of this study can aid the WHO Regional Office with determining the regional hepatitis B control goal as Tajikistan may serve as an indicator of the Region's capacity to reduce chronic hepatitis B infection prevalence among children through routine immunization even under the most difficult conditions. Establishing the renewed regional goal will help sustain low levels of HBV transmission in countries with current low HBV prevalence and focus efforts on further reducing HBV burden in countries where the prevalence of chronic HBV infection is still substantial. Prevalence of antibody to hepatitis B virus core antigen (anti-HBc) and hepatitis B virus surface antigen (HBsAg), population-based serosurvey, Tajikistan, 2010; estimates adjusted to account for sampling weights and survey design. 
